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(54) THIN-FILM TRANSISTOR SUBSTRATE AND ITS MANUFACTURE 

(57)Abstractf 

PROBLEM TO BE SOLVED: To provide a method for ^ 
manufacturing a new thin-film transistor substrate 
capable of reducing the of masks. 
SOLUTION: This method includes a step where a gate 
wiring is formed, a step where a gate insulating film 30 
is formed, a step where a semiconductor pattern 40 is 
formed, a step where a resistive contact layer patter 
50 is formed, a step, where a data wiring comprising a 
source electrode 65 and a drain electrode 66 is 
formed, and a step where a protective film pattern 70 
covering the data wiring is formed. Here, the 
separation of source and drain electrodes 65 and 66 
is performed through a photoetching process using a 
photosensitized film pattern, the photosensitized film 
pattern is positioned at least between the source 
electrode 65 and the drain electrode 66, and a first 
part having a first thickness, a second part having a 
second thickness which is larger than the first 
thickness, and a third part having a third thickness 
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which is smaller than that of the first part are provided to the thin-film transistor substrate. 
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(54) [«wco€*] mmh7>z>x*-&mRxt*<»w&%& 

(57) [Xtt] 

5, 6 6(^MM»^'"^^^fc^ ;3: ^ y 

-T 5 » 2 « l SB^ J; o m S ^JB 3 J? * £ * 




ff * 3 J* * te^-tzm 3 «#£r£trt»« h 9 v 

[f»**l2] ffiEFi'~>««£iftBSnfcM*««E«: 
»rt+S*««r* b^^tp»#*l fcE«<*>WR b9> 

^T*#, ffiE#2»#tt*#»£3i«*n, #JE1&3315 
[If 7] M1BSS1 COa5^^«Jl2B3(OBl5^^^P5tC 

tttit^^ mia«i«>w»i:«HB»3<Dasft'^©PiB 

tfD3feaiH*«r#-*"5*4oas»«:*e>tc#tP» »**5 
[tt*«8] fliE^**o»l<0»#£SM<fc3M>£tt 



i ] mum 4 <DVMfr<n>mnx » ? b'*?—> 

[flf**Kl 2] MiB»4»^WSI«:«!ria»l»^BB 

rw^jsi^ »*3»7icia««)SiEjRh9>'^^a«<z> 

[»3#Bl 3] flMBJBl 0^tf4 0Mi:l^ y * 

lit i 4 ] mum i <o3&# t 

9Wa# Stg^M^^feo 

5] mE*i»v«4oasi»cw:, sftiHmi 

Bin 5 y v^*fctttt«fc*JSSjh/r^6, f» 

7] fflE***'^ <D»»W:y 7 

1 Mni7!;^2 iumt?fcS, 1 8 {zUm<OM^ b 7 V 

6, 0 0 0 AgjlTTfc^, 9 iC|2«<7>»^ h 7 

[M3R4 2 1] mta^-^BBHtmiasttJi^^-vx 

[f»««2 2] ffiuv-bmmm. mia*»#^^- 
fttifay- h&ajgi, sttJBxvaiM^SK* 



1 



I 



mEJ8*R&«*u fltrE«2»#ift*fflE^— *e»<& 

B, 

WE* 3 o^#<OTtf>liflE^m/I «r®5t*fc ttft^ y 

f^^U mE«*WB£«tffit*S«:B£* 

ffjE® 3 3[5#<OT (Otttt/iau 6 -?: ©T*>1ftE¥*fW! £ 

£0>Ttf>flf|E^- h!6»J»^mE*i«»OT«>WEW 

* - >- £ ^-r s son t , 
fiEm i a>» jfr<DT£>iffiE»«B £ ^<7>r otfrE^M^ 

W#*B2 l^Ett^Sflih^V^^^SIR^filat^fto 
[fi#*l2 4] WEt*— *K«, 1»E«»JB^^-"^X 
VWIB*i»#«/^ - ^ t »«t 5S»lci3 4 SUE 

[t»3jt*2 5] ffJEy-^m^i: Ki/-yti^<7)ffl 

[ts*S2 6] wEftSBofcfta^wEaimflUtt) 8 *© 

2 5{cE«©»«h9^^^Ste<^K«*ifeo 
[R#«2 7] IME^- HEIStt. IftWf- hskmb 
S*tr*»A*bfS#ofia«r*tf S^- h^sx KSr* b 

WEWWR'** — >XMBE^— h fJE^- 

ME« 2Mf 3 WteTl&Si CT fflfEy- h '< y Klfctf 

tb^— KftWEi@3B*S^ra--*JB"t?»J*-t - SS 
BSrSfefc^t?. ft^i^EttcoaWKh^v^^S 



[W*3B2 8] WEtftBW^^-^ttlTOElB^JR^^-" 
>T-ftbtiZ>, W*JgncE«^>WJKh9V^^iStE 

WEy- hlftJSJR, JWE4*a«*'<*->\ S!B«M^ 
WEr'-^Ett, ffiE«»»'**-vXtffflE 

WEy-hlfil»K, *««2ttJ«3»«f*J» «:« 

USE y — * mH&tf Ku- vil SriSjB-r 5 »iB«»« 

-v, mE^acflc^^-vsr^ja-t-^aiw. 

mE«6*K«ra*br«3 0«»3&sinE^- h^y F\ 

OTE*2 0«#3^mE5i»«»«*»^^-^©Ji«-ffi 
«"*- 6 J: 5 lcTOE«53fcfll'* ^ - v *?g*-t- 5 SB , 
fTE^- h'<s> KcO-h^ftJEy— h*fe*JR*l**U fflf 

ffirEKU'->'«*«:fll5WEW5l5««- WE^— 
SB, 

HE* l^^s^^ b r ffiEM««3»«#Ji * 
S*«iJ>i-<5«B, 

StTESi»ai*«ff - lWEiftB»#*iJB'^ - 
v&^y^v^U WE'T-^iattRVWEttJttlB^^ 
-^4:jBfi8f 5SBi:S:#tp, W*Ji 2 8 l:|2^^>ig 

[»#«3 0l SflEy- HiBiUHimE^- MS»c5ittS 

WE^-iJ'ElftttlWE^-^iWi-iSttSnr^W^bfB 

«fE^- hJftlWR, WE**^^-^, «fE»»i^ 
mU*f-*Um, WEfftBJJR^^-^RVlWE 
W3Bm«^)»J«*BM:. 
WEy-H6»Bi, teteJIXtf 



) 



I 



ig»»*teJB WIE*a»fle^^ — VSrJRjsS-r 

ME&ttffi3m#a * - ^ £ wesm***** ^ * - 

[!»*g3 l] lftJ»8tRO±W{c»rt;$ixra3t), V— 
bWkb, lfflE^— M*<z>5M£*fctt— ^5^- hi: 

S9Ey- hffi*«rSor*5!>, *4<^ti»ia^h^ 

WE^^JB^ — ^^iW^riiSitr^!?, ffiTE^ 

- hma^jiWSr^L/tisp^iiWE^afff^^-^fc 

ftffE j£*t« ttJl * - *> Jb« K: H - **« 

WE«i»»?Lojb«^»«snri/^ss2*ttHFL, m 

E^-^^y Kta-rWSttttTLX^WEK^— ^«« 
fflMMIM^nr^D, JfflE»4«flML«rji 

3 2 ] ffiEjg 2 «fi&7L£r& CTHtlEy- h ^ s> 
W#*B 3 1 £Ett0?KA£*?gCffl WR h7^^I 



3£ e 

[»*Ji3 3] mEWSSttTLtaU-TtWE^-^^y 

[1**93 4] WEH*««fcfflE^- HRXVWEf* 

[1**9 3 5] WEfftBJJR^^-^W:****!***^ 
f»**B3 4tcE«O^B^^$geffl»i^h7^v ? 

[»W<o#»!*RW] 

[0 0 0 1] 
[0 0 0 2] 

[ooo3] «fta^snao*"e^a<£±^«^bnr 

[00 04] 

l<, &&nm#5#$itn6&0>'*x?&f8\t y >h*ix 
t>*>6/u> 4tfc<o-*;*0'&jBv , *TSflBi 

[0 0 0 5] 4fe^^^^^ffl^/c^*<7>^ B a B^Se 

r ^ — ^ ^ ^ ^ =• $ A-g-^Jte zxv— 

[0006] !20-7^^ffl^tMI, n + **W 
(C, ITO (indium tin oxide)^^r 



[0 0 0 7 ] |g4^^^^^:ffl^rfeS^^{% 

?:^;**-St£a*^£*i£o m&<D&mx~ 
- h*6*«jfl*»*3*x5o #TfBtf>£p^ ^3feco4tfctf> 

£*i£1fflM-Sfci5>fcWU MEiftSrX 

ttc J: 9 ^ 5 PpIM 

[0 0 0 8] *»«©S«W»Htt, *ASi5*8flUBSP 

[0 0 0 9] 

[0 0 10] *««Jw«t5& % ft-f , ift»SS^±«cy 

— ^««xo 5 Ku--^«afc, y— s*t*i 

*5«««'<*->&#J*U KU->«S£aMS**t 
fTfrix, — Vtty—^Stt&tfHu—va^ 

[ooii] ::t-, ^x^yrisyxutzR^btiz 

##^£fcaiiai-5r. 3 

2, f 3 0SiS^(i!S3ti§tI^/^ - vol l , » 



2, »3«»(c»jS-t-5J:5*cSE^J$*i5^^»*L 

[0012] v^^^f l £>3i5»i:® 3^Mt 

<ofHfc#S9f3«*r£t?a», «*«Wtfffl^ej*i53feiil«> 

Shttttzt r*i^wtj»ftor, «3feJR^ 

— V£>^ 2 SB^O/? £ 14 1 ix m75S 2 mT-& 9 , ^ 1 ffi 

[0 0 l 3] ##W©!BfcW£j:S*, x-*IB«i£S 
MA * — f Jltf^NKf*'* * — o <7>-^ ;* * t ^ 

tSo *3*»©T^*ttJi£*^T»^*te« 

**f*ji)6>fe-e*t-e*u^s^-^E«, ^ft&jg 

— >\ — >&»J*Ut«* 

[0 0 14] jfe-f, *3«#©T0>»«Ji&fist*fcra: 
loon] y^iii K^>i#^^fl 

[0 0 16] MB*R«y- MB«cS«**ir 

^«A^«f©fiI*Slt5^- KSrS 



f 



I 



f f -^iBl»tt7 f -^»{c5lJB**iT^«^e>«#Sr 
2Xa**3«*7LSr#Lr*5 9, %$2RXJ t m 

[0 0 17] *«KOffli«)*llS«lcJ;S^, 
r£5 e 

«#K*r£ffifca»tfrft#U ^*^&iICr 

5 fc«»Sr8r»jaW-5. 
[0020] ^-MfiftJR, ¥3K«i, 

tcfirtrTS. ^fciitrjl*, S^tri 

3 f*'<;/ K, r-^^VKMKl/-ySi 



(c K 5 y-h^jxKt85*l 

[00 2 1 ] 

[0 0 2 2] 5M\ Hl3& k b3*#*L4^fe, 

oiE^Br&tK ^2^o i 3fi' : en-e^^i (-S^bfc 

h 9 v^^— SSSrli-lHWfeVIIl-lll' ISfc 
ft o T #J o T B ^ b fc Br S B ^ • 

[0023] 5fci\ »6»stRi o ^iiicr^^^^ 

fclir^^^r>^#dfe (Al a 1 1 oy) , ^E-y^V 

(Mo) ifctt^ey rf*f>-<?i/y* i r s -/ (Mow) -a- 

A, (Cr) ^V^/u (Ta) ^^OAJH^^tl 

ffi»l4«*I^W*VT^S**fB*l**fctty- h»2 

2, h*l2 2<D<s^3ijB$nrir^r^«i>b«>3fe3it 
«**rBWDsnry- h»2 2tce^-rsy- k 

2 4M^- h*|2 2£0-^-Tfe^3FJ^h^ V^^- 

±S «* fci A* $ ii 5 Ail «««£E ft ^ ^>tff £ 

%l^/^-y6 8 ^1:4 or B*o«W«#li* Si: ft 
Ji^^:-5$6^#m^^ftU, ^(cms-r5ij^^:@8 2 

t y~ h M 2 2 £ <om*» e>*s+«««F«E*^+»r 

[0 0 2 4 ] y- hK«R 2 2, 2 4, 2 6, 2 8 tt*— 
^W^SO^t<, Cr/Al (^f:liAl^ 

4t) Jt**fcwtA i /mo«>— aw^-towr* 

"So 



[0 0 2 5 ] hia#|2 2, 2 4, 2 6, 2 8 ^) iC 

(SiN x ) tiZfrbt£Z>¥— H6*R3 0 
d«»J«**Lry- hSe«2 2, 2 4, 2 6, 2 8 

(hydrogenated a— morphous 
silicon) *^©**#3&»fe!feS*a»{*^^ — ^ 
4 2, 2 8;W#J«*jh,T:te»?, 4 

8 <z>_h(ci* y v (p) ftifona^Fjtt*tfw«aTK- 

(ohmic contact layer) — > 
*fctt*ttJB^^ — ^ 5 5, 5 6, 5 8 3WgJ*S*l,T^ 

[00 26] 5 6, 5 8 (Z>_h(ClS 

Mo^fcl^MoW^, Cr, A 1 ^ fcfiA 1 T 

2, ^-^^6 2(D-j^(c^^nr^^^^ir«« 

teS^— ^l*««r^, $.fz"r-?m^6 2 , 6 4, 6 

s?^ ^ - ©f + c u t y - ^ is 6 5os 

i^^"V6 8 t>^tP* i^2 8Ml^i 
•£\ l^tt^St^/^-y 6 8 t)M t/£l\ 
[0 0 2 7] f-^S£l6 2, 64, 65, 66, 68 
t>y-Ma«2 2, 2 4, 2 6, 2 8 /itC 

-V5 5, 5 6, 5 8 IS, * OT3» ^ — ^4 

2, 4 8£*:0>i:fl5tf>^— *EJ|6 2, 6 4, 6 5, 6 
6, 6 8 fcffifc 3 «*J*U 7*-^BB*6 

2, 6 4, 6 5, 6 6, 6 8 t — (DBM&fti- 

<5 o 

[0 0 2 8] o£ 9 , r*— ^H«5^«*fejf^^ — V 5 5 
«x-^i8l^6 2, 6 4, 6 5£, K vSSJSaM* 

— >6 8 £f^— T?**. — *\ M#^-^4 2, 4 

f^Ei6 2, 6 4, 6 5, 6 6, 6 8 

^-^55, 5 6, 5 8ir^-OlMLT^5 0 A# 

ttfctt, 4 St»t»WM» 

#/^ — ^4 2ttf !f — ^EiBXt5**feJB^^ — >-<ofti<^ 



5 5, 5 6 t»iSJlW5^ »Rf«7>^^-* 

[0 0 2 9 ] T — ?%im6 2 , 64, 65, 66, 68 
*>±fcW:»»K7 O#^»*ixT*3 0, «»J»7 0I4F 
vm#6 6, ^a*s> K6 4Rtf*§«*«*Ml3» 
— ^6 8&S+KSML7 1, 7 3, 74^tL 
T*5 9, K2 4*£1-#tt?L7 2 fc^S. 

«»«7 o is, aitsw^r ^ y /u#fc*fo»«i6»w 

[0 0 3 0] {£«J^7 0(OJilClS*^ h7 ^^^-^ 

5W**K8 2a*»J*£iXT^5. ]®^m^8 2ISlT 
O (i-ndium tin oxide) ^ if <7>SP| 

fc*«#Jta» **?L7 i fciicr ku— 

[0 0 3 1 ] lJ^m^8 2IS^fcP^-T-5^- h*|2 2 

mztix* *«#^->6 8(cir««#*fi»rSo 

— ^r, K2 4Xtf7*— K6 40±jcwt 

»itt?L7 2, 7 3SriiDT^:Jx-eix^*ufci:aiB$n5 
h^y K8 4&V»«lf*-^^2/ K8 6jW#« 
£*IT43?K £*i&tt'*5> K2 4* 6 4£#»!sIB&8« 

t>^T^&^tf>t>tf>T*IS&< , r.*vfeoaffl#«W;S«W 

[0 0 3 2] d^ei41Wf«fli8 2 UT5g 

H4j&»feH2 4£ffllBBl)&»fcB3*#flRLX\ PfcHtc 

5fe-f> H4^b!il6lC^L7t^5tc, 
£o8«#a&;*/*y^!/ v^*tf<D#ft-t?i, 00 0 
A7!>^3, o o o A<z>V£-?X4FU %\<r>^^P^m 

[0 0 3 3] 0 7&U*|g|8 (CiH^Lfc £ y 

-hi^^3 0, ***|4 0, *WJB 5 0 
8S#ifc&ffl^T*;h^ixi, 5 0 0AM5, 0 00 
A, 5 0 0A7^2, 0 0 0A, 300A7!)^6 0 0A 

^ y :/^fc£0>3M£T?i, 5 0 0A7b^3, oo 

0 Ai?5«* X 1 ** (photo 
resist layer) 110$:lju mJb^. 2 u 



[0 0 3 4 ] «2<D^^^SriiCr«*flll 1 

0{£*&H*tLfctt, i*LTH 1 O&VH 1 1 (w^L 

riDP$, aj3teflt^^""^i 12, 11 4 <o^^mjr h 7 

4) (if*— ^E»«A (O* 9^-*I£i8l6 2, 6 4, 
6 5, 6 6, 6 8^JSfi8*tt«W4>JCffiBUT^$»2 

»»H2) J: Dff$a*/h£< 4 -5 J: *r<oflfc<o 

>- ^ Ii *s tf 5 It 4k W o T * & 5 J: 3 L 
fttffeb-f , 1 4fl)fSSr*2»»l l 2 0 

J?^(7>1/ 2co^Ttc-f-5^^0^ L< , fc£;tf£4, 

ooo A^T-rfc-s^a*^ 

[0 0 3 51 WE©J: 5tc, te«icJ:oT«3feIR0>ffS 

jEfe^^© — 3 13, Hi 2MH 3 {C^Lfct>^^^?o 
r,"^^^Jw»««J: fc£ y 

^ (slit) ^i^fl^^-^^MtS^ 

[0 0 3 6] $fe-f , Hi 2 J: 5 tcgtS 1 0 <z>±E£^;f 

S*LT^SaWR3 0 0O±tCjS5feJ^2 0 O^IftSc 

«M 2 o o o»S ttatoilS J: D f ^© 

#>~C&>£ 0 ill 3 AGD£ * V v h4 l 0 3ft* 

»j*Six;fc#^;*^ 4 0 0&ffl^T3te«r!H*H-5. 

^ y ?> h 4 1 0OWCttgLT^6^^"V4 2 0 
oi^->'4 2 0OB©BB, o£ 9 y s> h 4 l 

ffl^Sit-g-fci*^;*^ 4 o otfiMsi-SBMcffl^fcixS 
^dA (Cr) M (H^-fr-f) £££{C|&:fe-ti"f— 5£tf> 

[0 0 3 7] lTOlB<0«t 5*-**^ *S£TJ8*flt2 0 0 

[0 0 3 8] L*»U J&3feJ^2 0 0lC*51^T:* y y h'« 
4 1 0£i§CT&3fe£n-53B$m, 3fe8cilHBSbSn5 



PflW:««*C«|»-rSi^5J^*5 0 IHl 3Al:i3^Tiffi 
1 0tt##§iXfc«#-C*>9, 2 2 0li5>fl?^n 

[0 0 3 9] ffirtB485feK2 1 0, 2 2 0$rl«t6t, 
HIl 3BC/7ttJ; plC»f^«^tlT^/ilW2 

-5c ftO*j»liiB*JBI«> y 7o- (r e f 1 ow) £rffl 
^«5fc<z>T»*>3o ^ix&Hl 4&tfHi 5££r#)£LT 

[0 0 4 0] Hi 4 Afc^L/cJ: 51-, JtetfSo^fcafifi 

titiWA2 l 0 3JxTi^fe^*5#2 2 0 tfrtkC 
So Il4Cl^fJ;5^, — 

[004 1] L£>U WJBOJ: 3(cy 7P-U'bl o 

<b t>£>5o co^tctt. Hi 5 a <fc 5 , *3feSfc 
^ — >4 3 0 £r^*:? 4 o o tcjgj#-f£ 0 -T5£, Hi 

So 

[0 04 2] muv>£. 5**4fe«riitrffi«^J:or2 

6 0, »»JB5 0RW**#J14 OiC^-rS^iJ/f 

>*/^»ctctt**#Ji»t^aor^fttfnii&b 

•f, a9^S^B(C(i±<7>HO<7>ji6 0, 5 0, 4 0 a* 
[0 04 3] 5fe-f, Hi ejgLT^Hl 7(C^L,fcct 

^ecoTS^^Pa® 5 O^rMtli^-^So rcoigimniffi^: 
^16 Oli^^f ^^^ixr, 1 2, 

WSrxyf >>f\sXm%ffe'*# — >1 1 2 , H4I4 



r 



/^->U2, 1 l 4 t>— JUJcji-y^-v^SixSA^ 
ct 91 i»i i 4<7>@££^< Lt:oi8i:fc^t 

[0 04 4] itM6 0^Mo*fcf4MoW^4, A 

5. Lj6>U c r ttftSCis'f V'^S'ett J: < R*S 
tlt£\,^<DX\ iff*! 6 0 r $/f y 

0 3 $rffll^I<!:^t^5 6 »«(M6 0^Mot?*« 

[0 0 4 5] StrlSOJ: mi 6ft(J«Bl 7(C 

#B (7>^tm^S 6 0 J2:£Ti&3r £ tlXt<DTM<Otp ffiM 
5 0W5. CGDf*#, gi?^t^^->6 7, 6 
8«y^MKL^-yti6 5, 6 6tf£R|$;h<-r& 
ft^^rt^^Sr'W^-rS^T*— ^Sa*6 2 , 6 4, 6 

[0 0 4 6] #C(C, Ml 8XtfBl 9 Ma* Lit J: 3 fc, 
#14 0 *«*JBiOjS 1 3|5# 1 1 4 £ ^ 
JfcJB'^ — >1 12, 114 k&fi&M 5 OXt/z^-y 

^(microwave) ^t^Ct^T^, 

[0 0 4 7] 112 1X0<H2 2 tC^Lfc J; 9 

ft>t^aC(Dy-V K ^JHSHM*:'** — >6 

— Ki/-yflW#/^->6 7 fc4»fiflJB'<^ — v 
#, y-^/ F>-yMt^^-v6 7 I^Lrii 

KU->ffi»*ft/^-y6 7 £*IWJi'<^ — >5 7 CO 
3*>j6*#S: nnttai-x^-v^SRtfcs^** < fc^ 



[0 0 4 8] SFtbOzttogi&fcLit&m^ 
TV—*/ Klx— WflaMtf*'*^ — >6 7 frx-vf^/V 

y— ;*/ k \s—>m&&#'*#—>'6 7oiio©ii^^^ 

7W^£^y^v^$jh,fct\, y— Ki' — 

®ii/^-^5 7M^<*S4 0 C^SMWi 

yii2, i i 4 ^^aS#^4 o t^t«*yfy^ 

[0 04 9] SFe^HCUOl^fl: 

^-^112, U4k*»M4 0i:^t5*yf 
i^tt:j&SH-fc»a\ Ii»n 4 0ffSftt**#JB 
4 0 kgMI 5 0 £o@£&^*Pii:fcO£|^«S*T:&.5 

[0 0 5 0] ftjfscoj: 9fc-T5£, Hi 8 
a* Life* 5 lcf+^*/HBC©jBi»&i l 4 

tf>3B#B<O^M/l 5 0 2W3&3MWB4 0i6i|»*StLT-e 
4 2 , 4 8 36*SSfi!S$*l<5. BffiflF#5 7 £ 5 8 irtt^rtl 

teJi^^—>-^tt«F#m«^ai«ff^^— v 6 8 ©t» 

<7>®$£@ & — > ^r^-To 

[0 0 5 1 ] #C(C, 7yis>lf (ashing) £ri§ C 

4 2^r^s/^>-^-r5^(cffl^6^^^^^^(7>W^ 
LTtefiTjtfLfcCF^HC 1 ^8*«#«CF 4 iO 

2^^«*ft*36«*ff btt, CF 4 i:0 2 ^ffli/^i:, 
^-/jjJ|$r^/^-y4 2 r £ 5. 

r h 2 l tc^Lfc J: 5tc, ^#/^-y4 20 

^ — ^^^2^15^1 1 2 ^^O^^-Sg^COJ^^t 8 ^?/ 

f^^^nsc z.tD&<D*yTis4mr- bmmm o 

2, 6 4, 6 5, 6 6, 6 8&&.tl& Z k&t£^£ 5\Z 

[o o 5 2] Stfiacoj; 5(--T5^, y-^«S6 5^K 
>««6 6 i:36«»tt*4xfti«P>, ^-^S£*66 2, 



f 



f 



64, 6 5, 6 6, 6 8 b * <OT& b <Z>#1&M '< * — > 

5 5, 5 6, 5 8i«S«t5. Sr^Ec, -r - ^IE«83& A 

U 3*2315#1 1 2 0»*ttf L -f V-^SBC y — K 

[0 0 5 3] 5*— ^Eft&ftS^yf-v^o^TfB 

tt*lf^fi)£-r5il*jctt, JBSteJR^-voffSSrWI 

IB It, i»Lfc J: 5 lc8«o* 6»f-*© 

^^V^X§T-gtf£JI^->\ — 7 s 

J1S6 0, 5 0 ilO^alWfrJB 40^x^fy 

6Pa«ccffl»(c*3i^T»lB3feJR/'«^ — ^1 l 4bt<7>T 
3flGD&mS6 0, SMjl5 0 £ £ s> 7" V ^ U A&5# 

<5o 

10 0 5 4] iaifc «fc 5(-, fi^xyfy/^ft^x 

«K^y^v^e 
t^^S«>-exa3ftSH:««){-1ll!*rfcS3a«, JS Mi at 

[o o 5 5] nbtt&x 3^ur^*— ^iai>6 2, 6 4, 

6 5, 6 6, 6 8&7£j$L£tt. B 2 2 b 19 2 4 tc^ 

t i p (c ifti^ c v d ^fe r*it 1 6 d\ 

Mtyi'g&X \* is —r ? LX 3, 0 0 0 Ag)L _b<^/? 

LtKl — yfffi6 6, y-h^>K24, f*— 
K6 4fttMim«*#»S#'** — V6 8 &*r*i?ti 
m-r^M?L7 1, 7 2, 7 3, 7 4^M+« a 

[0 0 5 6] Sfl:, iiM3 fc^LfcJ; 4 0 

0 A7!il5 0 0 Af ^OI TOl^rlf I, S?4 <D-v * 

?&Fa^x*y<?>>yLxmmmn8 2, 

J: 5Jw*H»««C*5l^rW:7*— ^E*6 2, 6 4, 6 

5, 6 6, 6 8 ^^OTW^S*!^^- V 5 5, 5 

6, 5 8M*I^^">4 2, 4 8^-0^^^ 

[0 0 5 7] T*(3, 2 *»Mfc*3«4#^ 

o8«a#8:ico^TB 2 5)&^H3 9&#is 

U^bKW-TS. H 2 5tt*»W<7>jB2Hft^J(cJ;5 
»a B B »5*SSeffi«« h t v^^-SSoEfltB^fc 
9 , H 2 6 RX^m 2 7 tt-tix-frixH 2 5 (c^ LfcWJR h 
7 v^^— StRSrXV-xV HXWCVl-xvi' JIlciBo 



[00 58] H 2 53&»ibB2 7(C^Lfc<t 5 

i©ir^5 0 fcfcU «»JR7 0i*y-^««6 5 
Ku— v«*6 6 i:(7)Fllcttff5^^^-y4 2 

2, ffifty- K8 4Atl 5 «*^ f — K8 6T* 

B5 C £3ft*-?#fc^{ftflMB7 0 tf>3|5#(Z>— 5£<DS$3fl*3i 

5»y-^W6 5 £ KU-yfi6 6 ^^rfl^^l- 

^-V4 2ttft{c»«*n5Bai^JR"CBItoixT««$tL 

[0 0 5 9] JEAT> ^^0J(7>^M^J{cJ:^^ B a s ^^S 
JflSfioJtafefrffifco^TB 2 8frt>m 3 9 £l!ffi5B 2 
5*»5>B2 7*#HU/jii«fe»j|ifflJcRW-r5. 5fci\ B 

2 8£>bB 3 Otc^Lfccfc f l^^^M^t 
IKlO^)J:{:^-hi2 2, y-h/^F24, 

h€«2 6&u!*&^m^2 8^^t?y- hia» 

[0 0 6 0] B 3 1 #>£>B 3 3 {ZtfLTzX 0 

h*fe^:JK3 0, *9MWi4 0 , «MJI 5 0 

i6o^/^-yy/^if^^r*if tfct, *2 

^ Srffl^tJHft t/^- - y / tr y - 
-yiMfr^-y6 7 £-£<z>T»0>y— ;*/ 

#/^-y4 2 ti^f^iSm/^-ve 8 £^ 

^^/^-y4 8^Mt5o y— * K 

>\E 6 7y$y-*wmb k^^i 

3*1/0*5 ii/^Ci £*»«afi 

[0061] ^mmmm^tfm^^-T^ v/ir 

3 6iC^LfcJ: 5^*»7L7 1 , 7 2, 7 3 , 7 4 
Hn«7 5**+5«»«7 0£»J*-*-*. ^B#, ft 
«JR7 O0>JP3tt(M£J:oT»*0, ftH«7 0©t 

Mi6 5 £ Ku-v«i6 6 b tf>fBfctt«-*- 

[0 0 6 2] B3 5^bi 3 etwftt^TBft&ttffft&TL 
7 1, 7 2, 7 3, 7 4 £BBP« 7 5 £#»J*£*l/0* 

-vi 1 2, 1140M^S^ 
Hg-T-&5„ Lj&»U JSl jUKW-C^3i.^bn/E:**JR^ 
^ — >- 112, 114 ttfifc^SttSa*, ^^^'Jic*3^ 



I 



r 



[0 0 6 3] !*1 3 7 (O^Lfc £ 9 (C, »ftfe7L 7 2 

^)Toy- hlfiJKJR3 O^^f^^iry- K 

ft/^-y6 7, 6 8 te^s/^^-g-f , hil&^J^ 

[0 0 6 4] |2 5, 13 ZRXfMZ 9 (C^Lfc 

£5tC aglSttA &3XiffU %4<r>-**$*tm^X^y 

2 7^Lfc<fc li9gm^8 2, fflfty- h'*s> K 

8 4&0<1f#)<r — K8 6 y^V^r^ ^ £ 

[0 0 6 5] iS3K«S8 2, HKjy- h^s> K 

8 4RXfffi&}y*— K8 6 £11:^ 9 

Fix — vfflaltWft:^^ — V6 7 

Ti^ti/^-ys 7 k&^yT-^yisTy— 

[0 0 6 6] L^L, *SHSW{c*5V^rW:JSl*JSl£Wt 

ish&ot, Hjy-h/^K8 4ii«)f-^/^K 
K2 4^-^^?/ K6 4&nm$*ix^&m&* 

K2 4, 6 4#3^f L V^$;h,5fc:a!>-C*>S. ftfc, * 

tdot^rg|4 0a>b!Il4 7*#BtftAibRKt5. » 
2 ^ift^J (C *3 1 W:«»JR*r«5t JR^^J* It, SU fc# 

[0 0 6 7] #*SMfc:J:S»R h5^^^-JS© 

iBSBUH 2 5 — HI 2 5 tC*5^TXV- 

xvr mtmi' mt\zfe^Tty^x*ft?tim&L'tim 
t^ta^tSo H25, 14 oRnm4 1 i^l^j; 9 



2 3S*Mfc#ttfcKffll^t N *. jfc/*U m$M8 
2, ffiSiy- h^yF8 4RtJMt»'7 f — *'<5> K 8 6 ~C 

«h>n^^««jR7 oftWAfr^y^^yztix^t*^ 

[0068] x\t, ^m^mmm^x^m^m^mn 
mmfc<oUMxmiz.'o^xm4 2frt±>m4 i tmum2 

4, 26, 28, h*£aJ8l3 o, y-^/Ki/-y 
— >-6 7 £^rtf>T3f5GO V— K 

[0 0 6 9] #C(C, 14 2^^114 3M^Lfc£ 5 
^H7 0^ii^fc(i3^7^^Lf:S, *:0_htc 

)fc«»*U i»^"V1 2 2, 1 2 4 
So C<Z)^, 2 2, 1 2 4(Of^f 

flCj;oti^^ i»^"^1 2 2, 12 40* 
T*»7L7 1, 7 2, 7 3, 7 4#fl£ja§ft5»#tt®: 
£#fc<, BBP«7 5^?»fi»Six5«»l 2 4f3M<7>S|5 
#1 2 2* D*SaM^< fcSJ: 5fc-*-<&. Z<D£?\C 
5*^ 7 o *&f£-tZ>jfmim l * 

[0 0 7 0] ttl^T, (H4 4&U<[H4 5 [C^ Lfc 9 

tc, BffiSixfc»fllR7 0 t*<oT»^^— h!6»K3 

ITI^»^IS*I95^1 2 4 £-t0>T»£>«««7 0 

Ri 2 4&tfy- hfittR3 o ^riS^^^f^Clc^s/ 
^ttfllfll 7 0 £ h ftttJBt 3 0 *Ir|— <Z>*««w»J*"T 

[o o 7 i ] fttriaoj: 5(c-r^i:, ^M7L7 l , 7 2, 

7 3, 7 4&TJ ! llP3f5 7 5*4*J*$tl, Wi CI 315 7 5 

K 6 7 #cfc, 

02 7, 0 4 6&tfH4 7 tc^LfcJ: «3tJK^^ 
-^12 2^l^*bfc^, H^L, I4^)v^^^^ 

Xtftttt?*— K 8 6 $:Mt5o S2^mF'Ji:l^ 
«/^a*r4S«)^— h/^K8 4^ZJ ! aav :f -^^^ K 

[0 0 7 2] J^V^T, 125, m4 0^t^gl4 1 f-^U 

attTi^SHP»7 5 coy— ^/ Ki/-yffl 
7 ^^©TS«o»M/^-y5 7 t 

Irxj/f 5 £ K^yfI6 6 t 

i*fcw:3i5»«i:»*or, m4mnm&mcx&i$. 



[0 0 7 3 ] H4 8tt**Wi7>«4l6*«{cJ:5«*^ 
J ' omz.i&tfLZtiXV'— ht!26 Srq= iL*^ 

TaH^-^&6 oo#tc#u<T:i3i?, y-^ii6 5 

[0 0 7 4] WIB<Z><t 5ft*l8W<Z>K4|l*WJC*8l h 
So L)6»U Sll7iS4l61Sff!l<Z>J: 5t-^^>-*^C 

[0075] o*&, ^-y^/wacsTftflssr^r-rs ' 

W&^JgM^-vi 1 4 3a«JS-*ff Sk:»a;$ixft< 
ft^»COBA»©8&J; "9 gSS^-8-tcti: y — 

[0 0 7 6 ] Ifc^ot, ^^>^^C(7>^(7>lfTn6 
at*tfe{COV^TH4 9 36»bH5 1 *#SUft354feRWi" 

So 

[0 0 7 7] 14 9 5 HWJIC J: 5Mf 

jfc, H5 1 l£H 5 0T-XXX-XXX' iCfp v oT^)iLfci 
®H-C*>So §4 9&U*H 5 1 IC^Lfc <fc 9 
WcfcSWR h 7^^^^— Sffio*5gtt*4*lfiWI^ 

[0 0 7 8] L^l, y — *««6 5sfl* ' = * O^t/fC 



— V4 2^y- h!6ttfll3 0 Sra-f BR PSI5 4 5 £r 

[0079] iif 5 2te*&w<Dn5nMmc&zmih& 

ISffcot, 150 T*XXX-XXX " HtC^oTSJ^rLTt 

[0 0 8 0 ] ffifctt, 05 51-, J83fe)©l 1 0 

LTl 2 * 
-VI 12, 1 1 4£^J#-fS2*, SKh7V^^" 
O f -V C * T*#T*b S £15 # D 12 fdl © 31$ ft B <Z> 

6 5, 6 6 £*<Z>T»OS*Ji^ — ^5 5 , 5 6^ 
IB«|6 2, 6 4, 6 5, 6 6, 6 8^tt5 6 

[0 0 8 1 ] tti^T, Ii^W']^SW6J;5{^ ffli 

©as # b 2fe + /HR c © own s as # c cogg m 
zixtzmmftm 6 o^^^l^, tor^« 
ten 5 o x # 4 o &mitm<o9 1 i ut 

^-TSi:, ^--W^/uWCO^atf*:^^ — V4 2 £ri£— 
[0 0 8 2] #|516W«C*5l^TW:y— ^««6 5 ©rtttl 

^ftisirtts " u * ^mztin " j ' ^Mi-»fttc 
» c j£SE * n s ?feo !t $ ^r^i- tcfits-r s to \c s £ r- 

*>So f t^/^coiM^^-^i i 4^-?i 
i$^afcmpj-rSo 

[0 0 8 3 ] -^r, JKil«6«oj:5(^ B%ftX-mm 




5S8ift^ite{CO»f^T»Jli^KW-rS 0 B5 3&0<B5 4 

aviii-in ' *jcftoT§jasufc>rffiiat?*>5 0 

[0 0 8 4] »^T(Z>«atW:*l|gJSffi|i:SHaUTt^So 
Ld»U B 5 3&tfB 5 4<z>£ 5 — v 

4 2, 4 8<?)TWc^-hlfem/^-y 3 2 , 3 8 36« 

ASK 7 O^y- Hfi»R/^-y3 2, 
3 8-CiBk*lfc^£ffil OM^" hSa*l2 2, 2 4, 
2 6, 2 8tSoT^5. "CHt. &$&m<0%$ 

B5 6 £ WISH 5 3&tf5 4 Lfttfk BlffllcR 

[0 0 8 5] 15 SRXims 6 tt**R(0»6S6JSW^ 

&XfiJ«fcLfc#oTB^LfcBffi^koT, I5 5« 

ii9r-vib— vi b ' mi^ixty^xmTFX^frmmx'fo 

t), H 5 6 14i 9 tfvi c -vi c ' Hl^iBorSJorH* 
LfcBfffiBT*><5. ::t*, B 5 5&tFB 5 6 KB i 6 

7 0#cOg:W&B^bfc:Bffi"C*>5o 
[0 0 8 6] *«S<z>»6SJfi«Jcj;<5»laa*-«fe{-*3^ 
T, B 1 e&U'B 1 7 <D£ 5l-b£l$#fcg?fcjtJ£*i,T^5 

ixfc^M® 5 ORtf*0>T»^*»*Wi4 o&tf^- h 
I&RJBI3 O^riM^f li»l l 4 HSfc»*U 

[0 0 8 7] JBSi^T, WiUKWfcl^— icy— **«i6 
5£ Ku-yl«6 6 Sr^KLft^b^—^Eilie 2, 

6 4, 6 5, 6 6, 6 8iW*^Sftl^ ta ->'5 
5, 5 6, 5 8**fi«:L"CSftS**&W:*«*fe««lK 

6 8&*n*h,*"f«*ML7 1 , 7 2, 7 3, 7 4^f 

t5Mg7 0Mi, i t o <7>ni9gm@ s 2 , mm 

[0088] ±^Lfc^ p \z&mm<oMmmz£ 
v^^-rsfc^tc^^/c^-^^^o^, » tenant 

i£fco^T»JWfc:R9i-*-6. B5 7 A3&»bCtt*l8W^ 



-So ret*, ;* y y b/*f — V$r*WcWBUcW;y — ;* 

[0089] yt-*xir&mm t -r&&mt lt^, fw-tr 

— A (electron beam) Srffl^<5d\ ffiR 
^Sr^-f 5 I"— if— (laser) SrJfll^S. 

— y^fltt 1 /im^^2 5 £>;d*#£ b 

l\> r.cOP#, ft-?*? 4 0 0«)f +^^*Clcr4H3 

5 a J: 5 {c— o&_ho;* y y h/^ — V4 1 o j#jeS+ 

%>ZtfcX~$, |57B^J;3tC3t-7^^4 00^f-Y 

B 5 7 co £ 5 ic^-v y^Sc^^Alcf 

C<7>7T0^#Ji0(7>^— 4 1 OSrflJ^T:* y y — 

[0 0 9 0] Lv6>L, B 5 7 A^feCTflft^Ljfc"^;*^ 
*JH^T«30*&lt3teU 4, 0 0 0-2, 0 0 0A§ 

|5 8 A&^BISBS 7A^bC^)v^^^i^rM 
Sttfc«3tJR^^ — vSrB^UfcBffit?*>oT, B5 8 
B I3B 5 8 ATXXXVIb— XXXVIb ' SSUdfSo T^JHft Lfc 

[0 0 9 1 ] 15 8AMBOJ: 51-, f^V^/l'WC 

n^l/^fc*>r^> 9 , (boundary 
cond i t ion) 5 o 

[0 0 9 2] Ifc^ot, ft^/^C^iSIT'M 

6 ^ ^ > ^ii *5 ^ r m £ ft s 

— V (!BlSJfi01|<Z>l 1 4*fclii5 8 BC01 0 0 
<©Ji&ifS:aifi$*SfSl««, 7feO^^$:igfr-r5m2 
SB3««tJBl««t^M(-*t«Ur43t), ztih^m 

<z>aiafl[«:=fir-rsa***-c*>s»4««s:#-*-5od4 



1 



I 



jfr»tB«Tt-"t-5»'&£, flMffl'^-^ttfcD (cm 2 
5 e ^^a a s^^SM»^ h visit** 

—£«©wi i : ijcffl^fen-5«r*»^*5^ 

[0 0 9 3] fcfc^A^ ^WffiJEJlT^WIIB^^ — V<7>« 

« $ n ft * ^ © tit it * a ^ u sa § a x- & s 0 

[0 0 9 4] HI 5 9 A<£>£ 5 t-, ^M00(Dft 

$/ h^^-^4 i id: >9^< j^j*^iiT^5i? , ^ y 

^ h^^ — ^4 1 2(7>^«|{CI4^ l» s> h'*^ — ^4 1 3 

WB<0* ]} 1 3 05iHL 3 tttifeBi?) 

[0 0 9 5] ^5 9BMCT'li*^^ 4 0 0 ttH 5 
7BilVCtS1HUTl^5ti|jft«r*bri^53&4, >- 
^«CO**«OlHHL lit) #BS5<7>f?BPlL 2A**< 
£fcttJfc<»j*$jh,T^3o !6 0AMB|j:i5 9A 

;o*Ljfcl2ffi"C*>oX\ 16 0Blii6 0 AX'XXXVIII b 
-XXXVIII b 'JftfcJftoTaWLfcWffiia-Cfc*. 

[0 0 9 6] i5 9AMB<7)J;5(^ ^-*>*/UflSC 
<DI33tSl5(c* y s> h^# — >'«:*< J#J#"f 5 As * y s> 

6 0 A^B o J: 5 l^-/if ^ 

>110 4:»«mi^S5. H6 1Ai»t)CI4* 

^co^^^omM^^">«^^a^b7tiagaT*^> 

[0097] B6 1A^&C«)J:5I^ ^-Y^-^/^C 
«:«*fc«:^^{c^j5)£$nr^So ***** 



i&fi£±t;tJD£-tf:5fc#>fca 5 9B<D£ 
C^C^O-^^^ 4 0 0{CD0215 4 2 0 ^i&UDSixT^-^ 

[0 0 9 8 ] l61Blii59A^)J;?{:, ft-^^^4 

o o<D?- j r>*A'&ciz&ik<Dx y 5/ h'*^ — is 4 1 1 

■^^/i^ascoi^ia^tt^ y v h^p—^4 1 1 «t t?/h 

£1^* y 2/ h^-y4 l 3aM*^W!?j#S;h/c^£o 
[0099] i6iciii6iB ^JHtHLTi^sa*, ^ 
■v /u» c <7>dSffi £ ft fci^j* u 3teJR^ ^ - is & 

6 2&U<a6 3l«^P^^^^!){Cj:S^ B B a^^Sffl 

Sr*r-t-5SB2©^^^(Ofl|5a«r*bfcHffi^fcoT, a 
6 2B, 16 3 A3&*bcr3:#«)fcSB2(Z>^^^OfliaE«: 

a^Lfcia§ax& 9 , a 6 2Ai^a6 zb^wt- 

16 2AMB(Oi;5^, -v^^lISSOO^ 
JbSBMgO, a-S U Mo S i ft*fa»fefcS*a9JJBI 

5 1 03&*^J*S;h,T*S »? , f^^;^CO^i5 

&-fz>t'fr\cii$i&<D¥&mjm5 1 1 ^i&tjn^^nx 

flofS, *SSJR5 1 l<z>«tt*3fe#<^#Wte0> 
1/2 J; 0 /h$^0>a*#* 

[0 1 0 0 ] Mfatcjo^r, ^-y^^ascott*** 

E-e^-5C^T-ftcoS^fl:*tl^D^ii:5fci6{ca6 3 A 
^PjCidJ: 5 ^aiWflls 1 0 , 5 2 0^fcli^^ 
ffiSfis o 0<z>tiliS*:#*^«ffr5r i:3a«"C#So a 

6 3 Att»#«*E<0*3W8i5 2 0l^te^^^5 1 0 

J: 0R<»j*Lfc»^r*>!?, 16 3BI4WWEI: 

*5^t^^ffliS5 0 0<7>BK*JK<?ejBftUr, 

[oioi] a 6 3 ci$mfr&%LE\z.&^X'?x?mm 

IRS 0 0(DFflPS*i^<«J*bT. *ff««E*C*3V^r* 
gPJl5 2 O^m^^S 1 0J: l?iS<^Ufc»*t? 

2 0S:ffll<7)#«|/^^»ja-r5C^tt-C*So fJfB^>ot 
[0102] o£ 0 , *^^^W»**«>j>Wffi6A±(- 



I 



t 



[0103] «*JK^^->'3a s l»tt"t! , *>5»*^jSl« 

[0 1 0 4] fjSBlC&^T, m^&9t$t»<D&MtR&3 

wix&^MWSrl ianStfJcRW-U/to B5 9Af3^# 
W8fc*3^T, h/^-V4 12, 413 <7>(B«C 

[0 10 5] ^1^ f L + V*/l'«&Sttfcfij|fc«£#"*- 

s n ^ fc^j * /t * £ » 7gj#-r ^ k * ytm/< ? - 
> ©j? $ s ^ *e> tc ^ * ? ^tit- 

[0106] B64tt^!)5'h/^-y4 1 0^^-^> 
B 6 1 A££H0bT:£ 13 , |6 5fif t^/^C^ 

ir, *r*L-5»#D«:4 5° iKcfJii^il 

[0 10 7] JtfrfHIC&^T, i6 4(©J: 5(-#rn5£l5# 
410i: y— J*&tF K ^-yfv^^^^y4 OOi 

1. 4 1 + 0. 0 2 4 ± 0 . 0 5yniir* 



ftV WU- /Mil. 2 5 + 0. 0 5 j» mffiffl-CKW-"*" 

[0108] B6 50>J:5l£. E9J»©v^^/'? 

^r — ^4 0 0 OFflRfL 1 «t 1 . 5~0. 2 5 fxmU&<^ 
mmizMf&ls. «l<Z>»#£>|iBI«L 2 J: 5 0. 1-0. 2 

[0 10 9] Ji^Lfc^WcoSJfiW^iSftljftA-JfeW: 

[oiio] mrts(7> j: 5*, sen h7y^^-iStt 
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